IntroductIon
Fetal macrosomia is a common obstetric problem, affecting up to 20% of babies born at term. 1 2 The incidence varies according to the birth weight cut-offs employed as it is varyingly defined as an absolute birth weight >4000 g, 4500 g or as a customised birth weight centile of greater than the 90th, 95th or 97th percentile for the infant's gestational age. 3 It is associated with adverse obstetric maternal outcomes and neonatal outcomes, such as hypoglycaemia, hypomagnesaemia and hyperbilirubinaemia. [4] [5] [6] Furthermore, infants with increased weight and body mass index (BMI) are more likely to be obese in childhood, 7 and this is contributing to the burden of obesity on global health. 3 Women with a history of birth of a macrosomic infant are at significantly increased risk of delivering another macrosomic infant in a subsequent pregnancy, 8 and the risk increases further with a history of two macrosomic infants. 9 Maternal weight gain during pregnancy influences fetal birth weight, 10 and excessive gestational weight gain is strongly associated Strengths and limitations of this study ► Maternal weight and height were measured at booking visit in each pregnancy <18 weeks gestation and body mass index calculated accurately, rather than relying on maternal self-reporting. ► Uniform cohort: they delivered a first baby weight >4.0 kg and they did not have gestational diabetes or hypertensive disorders in the first pregnancy. ► Data were prospectively collected by an investigator and accurately recorded into an anonymised computerised database. ► Longitudinal study, which has advantages over a cross-sectional study. ► A potential limitation of this study is that we do not have data on women who attended elsewhere for subsequent antenatal care.
Open Access with fetal macrosomia. 11 Interventions to limit gestational weight gain are, however, limited at best, perhaps due to perceived concerns regarding dietary and lifestyle changes during the prenatal period. 12 Less attention has been traditionally focused on weight changes, and weight gain in particular, during the interval between pregnancies. Interpregnancy weight gain has, however, been associated with gestational hypertensive disease, gestational diabetes (GDM), caesarean section (CS), fetal macrosomia and even stillbirth. [13] [14] [15] [16] The postpartum and interval pregnancy time period therefore may represent a specific opportunity for targeted public health education, in women from every BMI category to prevent movement into a higher BMI category. 17 To date, there are paucity of published longitudinal data on interpregnancy weight changes and the impact on both maternal and neonatal outcomes.
The objective of this longitudinal study was to determine the median interpregnancy maternal weight change between first and second pregnancies, and second and third pregnancies and to assess the impact of this weight change on pregnancy outcome in a cohort of women with a macrosomic first delivery.
Methods
This is a prospective longitudinal study over three pregnancies. Women were initially recruited to the Randomised cOntrol trial of LOw glycaemic index diet versus no dietary intervention to prevent recurrence of fetal macrosomia (ROLO) study if their first baby weighed >4.0 kg. 8 Recruitment to the randomised trial, with institutional ethical approval and maternal written consent, commenced in January 2007 and completed in January 2011. In total, 800 secundigravida women without diabetes, who had previously given birth to a macrosomic baby (>4.0 kg) and were therefore at increased risk of delivering another macrosomic infant, 9 were randomised to receive either low glycaemic index (GI) dietary advice or usual antenatal care. Detailed methodology and results of the ROLO study have previously been published. 8 18 In brief, the low GI diet did not impact on birth weight, but maternal benefits were noted in terms of less gestational weight gain (12.2 kg vs 13.7 kg, p<0.05) and less glucose intolerance (21% vs 28%, p<0.05). Low GI dietary advice was given at week 14 of pregnancy and the women in the intervention group were found to have a significantly reduced GI and glycaemic load following the intervention. 8 Mothers were then followed prospectively and data collated and anonymised on 280 women who delivered two further babies up to 2015. Weight and height were measured accurately at first presentation prior to 18 weeks gestation in each pregnancy and BMI calculated. Relevant descriptive statistics were obtained for the study population.
The pregnancy outcomes in the second and third pregnancies were analysed separately with respect to the previous interpregnancy period using absolute weight change. Data were also analysed for both interpregnancy intervals comparing outcomes for those who gained any weight, or those who gained more weight than the median with those who did not, which may be a more convenient definition for clinical practice. The pregnancy outcomes analysed were CS, GDM, recurrent fetal macrosomia, gestational hypertensive disease, neonatal intensive care unit (NICU) admission and stillbirth. We used the MannWhitney U test to evaluate differences in continuous variables between the groups or over time and χ 2 tests to compare categorical variables between groups. We set statistical significance at p<0.05 and used SPSS V.23.0 for statistical analysis.
results
Of the initial 800 women recruited to the ROLO study, 280 (35.0%) women delivered a third baby between 2011 and 2015. Of these, the median maternal weight in the first pregnancy was 68.8 kg (IQR 62.0-78.5) and the median BMI was 24.9 kg/m 2 (IQR 22.7-27.3). In total, 11.4% (n=32) of the cohort were obese in the first trimester of the first pregnancy. Table 1 details the demographic data for the cohort in the first trimester of the first, second and third pregnancies, respectively.
Overall, 72.9% (n=204) gained weight between the first and second pregnancy within a median interpregnancy interval of 24 months (IQR 23-35) and the overall median weight change was 2.60 kg (IQR −0.28 to 3.28). 67.5% (n=189) gained weight between the second and third pregnancy within a median interpregnancy interval of 36.0 months (IQR 24-48), and the overall median weight change was 1.70 kg (IQR −0.68 to 4.58). This resulted in Table 1 Demographics of the cohort at in the first trimester of the first, second and third pregnancies, respectively (n=280) Open Access a median weight gain from first to third pregnancy of 4.30 kg (IQR 0.40-7.86). Overall the rate of obesity rose from 11.4% in first pregnancy to 22.1% by the beginning of the third pregnancy. There were no differences in pregnancy outcomes for the second pregnancy (gestational hypertensive disease, GDM, CS, recurrent fetal macrosomia ≥4 kg, NICU admission and stillbirth) in women who gained interpregnancy weight compared with those who did not and those who gained more interpregnancy weight than the median compared with those who did not.
There was a statistically significant increase in birth weights ≥ 4.0 kg (54.0% vs 39.6%, p=0.03) in those women who gained weight between the second and third pregnancies. In those women who gained more interpregnancy weight than the median (1.70 kg) between a second and third pregnancy, there was a significant increase in the rate of gestational diabetes (6.5% vs 1.4%, p=0.03). There were no differences in gestational hypertensive disease, CS, NICU admission and stillbirth (table 2).
To examine the effect of cumulative weight gain over both interpregnancy intervals, and to control for the effect of maternal age and BMI <18 weeks gestation in the index pregnancy on the above results, logistic regression models to predict a birth weight ≥ 4.0 kg were run. Weight gain between the first and second, second and third and overall between first and third pregnancies had broadly similar effects, with a 2-3% higher odds of a high birth weight per kilogram gain, which increased to 3-5% when adjusting for maternal age and BMI. Statistical significance was marginal, but present for weight gain in the earlier interval and between first and third pregnancies (table 3) .
dIscussIon

Main findings
This longitudinal study found that women who delivered a macrosomic infant ≥4.0 kg in their first pregnancy without gestational diabetes gained a median of 2.60 kg between a first and second pregnancy and a median of Table 2 Pregnancy outcomes for the third pregnancy based on those who gained interpregnancy weight compared with those who did not and those who gained more interpregnancy weight than the median compared with those who did not Open Access 1.70 kg between a second and third pregnancy, resulting in a median 4.30 kg weight gain from first to third pregnancy. This resulted in increase in obesity rates from 11.4% in first pregnancy to 22.1% in third pregnancy, highlighting the central role pregnancy has in weight gain across the life course. The interpregnancy weight gain between first and second pregnancies did not appear to impact on pregnancy outcome; however, interpregnancy weight gain between second and third pregnancies was associated with an increased rate of recurrent fetal macrosomia ≥4.0 kg. For each kilogram increase in interpregnancy weight, the odds of giving birth to an infant of ≥4.0 kg increased. Additionally, those with a weight gain of more than the median (≥1.70 kg) between second and third pregnancies was associated with increased incidence of GDM.
Interpretation
One possible explanation for the lack of associations in second pregnancy may arise due to the Hawthorne effect of trial participation in both the intervention and control arms.
Another more likely hypothesis could be that weight gain may be cumulative. The median weights at booking visit in the first, second and third pregnancies were 68.8, 71.4 and 73.1 kg, respectively. Is weight gain cumulative so that it is only over a certain level that effects on birth weight and GDM are noted? There are a paucity of longitudinal studies on postpartum weight changes because these studies are challenging to conduct. 19 This longitudinal study adds to the evidence that interpregnancy weight gain causes GDM and macrosomic babies. Many studies relating to interpregnancy weight changes are cross-sectional and retrospective in nature. Furthermore, many of these studies use self-reported maternal weight, which can be unreliable and leads to BMI miscategorisation. 20 High postpartum weight retention is an important contributor to long-term maternal obesity, which has detrimental effects on long-term maternal health. 21 strengths and limitations in relation to other studies Bogaerts et al found that in a population of 7897 women in Belgium, there was an increase rate of GDM (adjusted OR (aOR) 2.25, 95% CI 1.33 to 3.78, p=0.002) in those who had interpregnancy weight retention of ≥2 BMI units. However, this study used self-reported prepregnancy weight and no prior information on hypertension and GDM available. 15 A large Swedish retrospective epidemiological study of 151 025 women who had their first two consecutive births between 1992 and 2001 found that those who gained ≥3 BMI units between pregnancies compared with those women whose BMI changed between −1.0 and 0.9 units had an aOR of GDM of 2.09 (1.68-2.61). 13 Wallace et al 22 conducted a retrospective cohort study of 12 740 women in Aberdeen, Scotland, who delivered their first and second children between 1986 and 2007. Weight gain of >3 BMI units was associated with an increase in large for gestational age infants. Jain et al 23 analysed a population-based historical cohort of 10 444 obese women in Missouri who delivered their first infant between 1998 and 2005. Interpregnancy weight gain was associated with an increased risk of an Large for gestational age (LGA) infant (aOR 1.37, 95% CI 1.21 to 1.54).
Our study is a prospective longitudinal study illustrating that interpregnancy weight gain is associated with recurrent fetal macrosomia in a unique population of women who delivered a macrosomic baby ≥4.0 kg in their index pregnancy, and that interpregnancy weight gain of greater than the median is associated with an increased rate of GDM.
The interpregnancy interval is an important time for diet and lifestyle intervention in women who have delivered a macrosomic infant in their first pregnancy in the prevention of recurrent macrosomia and the development of GDM.
strengths And lIMItAtIons
This longitudinal study has strengths. Maternal weight and height were measured at booking visit in each pregnancy <18 weeks gestation and BMI calculated accurately, rather than relying on maternal self-reporting. Furthermore, this cohort of women was uniform in that they delivered a first baby weight >4.0 kg and they did not have GDM or hypertensive disorders in the first pregnancy. Data were prospectively collected by an investigator and accurately recorded into an anonymised computerised database.
A potential limitation of this study is that we do not have data on women who attended elsewhere for subsequent antenatal care. Another potential limitation is that the interpregnancy interval varied between subjects within this study. Finally, this study applies to women who delivered a first baby >4 kg, which applies to approximately 15% of our overall primiparous population. conclusIons This longitudinal study demonstrates that within this cohort maternal interpregnancy weight change between a second and third pregnancy is associated with an increase in birth weight ≥4.0 kg. Additionally, a gain of more weight than the median (1.70 kg) is associated with a higher rate of gestational diabetes. It is important to identify ways for women to maintain a normal weight and BMI throughout her life, particularly between pregnancies. Obstetricians should consider postnatal advice on interval pregnancy weight gain in order to reduce rates of macrosomia and gestational diabetes in future pregnancy in at-risk women.
